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:KHUHDVSURJUHVVKDVEHHQPDGHLQXQGHUVWDQGLQJVXFKJHQHUDOL]DWLRQPHFKDQLVPVLQ
WKHREMHFWGRPDLQWKHQHXUDOPHFKDQLVPVWRFRQFHSWXDOL]HDFWLRQVUHPDLQXQNQRZQ
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ODWHUDO RFFLSLWRWHPSRUDO FRUWH[ FRQWDLQ QHXUDO SRSXODWLRQV ZLWK VXFK PDSSLQJ
SURSHUWLHV 7R GDWH LW LV XQFOHDU WR ZKLFK GHJUHH DFWLRQVSHFLILF UHSUHVHQWDWLRQV LQ
WKHVH EUDLQ UHJLRQV JHQHUDOL]H IURP FRQFUHWH DFWLRQ LQVWDQWLDWLRQV WR DEVWUDFW DFWLRQ
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HJ RSHQLQJ ERWWOHV RU ER[HV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)LJXUH $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HJ.RQHQ DQG.DVWQHU 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&LFK\HWDO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WKDW PDQDJH WKH EDODQFLQJ DFW EHWZHHQ DFWLRQ VSHFLILFLW\ DQG IHDWXUH JHQHUDOLW\
0LUURU QHXURQV LQ YHQWUDO SUHPRWRU FRUWH[ 30Y ZHUH SURSRVHG WR VKRZ VXFK
SURSHUWLHV DQG WKHUHIRUHKDYHEHHQ VXJJHVWHG WR UHSUHVHQW WKH FHQWUDO FRPSXWDWLRQDO
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5L]]RODWWLDQG&UDLJKHUR5L]]RODWWLHWDO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+RZHYHUFULWLFLVPKDVEHHQUDLVHGWKDWPLUURUQHXURQVPLJKWQRWVKRZWKHGHJUHHRI
JHQHUDOLW\DVRULJLQDOO\FODLPHG.LOQHU&RRNDQG%LUG$OWHUQDWLYHO\
DQDORJRXVWRFRQFHSWXDOL]DWLRQLQWKHREMHFWGRPDLQPRUHSRVWHULRUUHJLRQVLQFORVHU
SUR[LPLW\ WR WKH YLVXDO V\VWHP HJ ODWHUDO RFFLSLWRWHPSRUDO FRUWH[ /27&PLJKW
JHQHUDOL]HIURPSHUFHSWXDOO\YDULDEOHLQVWDQFHVRIDFWLRQVWRDEVWUDFWDFWLRQFRQFHSWV
2RVWHUKRI HW DO :DWVRQ HW DO +RZHYHU WKH GHJUHH RI JHQHUDOLW\ RI
DFWLRQUHSUHVHQWDWLRQVKDVQRW\HWEHHQHVWDEOLVKHGLQDQ\RIWKHVHUHJLRQV
+HUHZHXVHGFURVVFRQGLWLRQDOPXOWLYR[HOSDWWHUQ093DQDO\VLVRII05,GDWD WR
LGHQWLI\ DFWLRQ UHSUHVHQWDWLRQV DW WKUHH OHYHOV RI UHSUHVHQWDWLRQ D concrete DQ
intermediateDQGDQabstractOHYHO3DUWLFLSDQWVZDWFKHGYLGHRVRIHLJKWDFWLRQVRSHQ
DQG FORVH WZR GLIIHUHQW H[HPSODUV RI ERWWOHV DQG ER[HV HDFK UHTXLULQJ GLIIHUHQW
NLQHPDWLFV DQG UHVSRQGHG WR RFFDVLRQDOO\ RFFXUULQJ FDWFK WULDOV :H GHFRGHG
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RSHQLQJ RU FORVLQJ RI D SDUWLFXODU ERWWOH DQG WHVWHG LW ZLWK WULDOV WKDW GLVSOD\ WKH
RSHQLQJRUFORVLQJRIDGLIIHUHQWERWWOH LHDFURVVREMHFWH[HPSODUVDQGNLQHPDWLFV
)LJXUH % PLGGOH URZ 7R GHFRGH DFWLRQV DW DQ abstract OHYHO ZH WUDLQHG WKH
FODVVLILHUZLWKWULDOVWKDWGLVSOD\WKHRSHQLQJRUFORVLQJRIDERWWOHDQGWHVWHGLWZLWK
WULDOV WKDW GLVSOD\ WKH RSHQLQJ RU FORVLQJ RI D ER[ LH DFURVV REMHFW FDWHJRU\ DQG
NLQHPDWLFV)LJXUH%ORZHUURZ
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GLUHFWHG DFWLRQV WR VWXG\ DFWLRQ UHSUHVHQWDWLRQV WKDW JHQHUDOL]H DFURVV NLQHPDWLFV
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DFURVV GLVWLQFW REMHFWV DQG REMHFW FDWHJRULHV DFWLRQ RXWFRPHV GLIIHU SHUFHSWXDOO\ DW
LQWHUPHGLDWHDQGDEVWUDFW OHYHOV D FRQGLWLRQ WKDW LV FUXFLDO LQRUGHU WRGLVDPELJXDWH
ZKHWKHULGHQWLILHGUHSUHVHQWDWLRQVDUHVHQVLWLYHWRWKHDFWLRQRUWRFRQFUHWHSHUFHSWXDO
IHDWXUHV RI DQ REMHFW¶V VWDWH HJ D VSHFLILF FORVHG ER[ ,PSRUWDQWO\ WKH GLUHFW
FRPSDULVRQEHWZHHQGLIIHUHQWOHYHOVRIDEVWUDFWLRQDOORZVPRUHUHODWLYHHVWLPDWLRQVRI
WKHJHQHUDOL]DWLRQFDSDFLWLHVRIDFWLRQFRGLQJQHXUDOSRSXODWLRQV LQGLIIHUHQWUHJLRQV
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SV\FKLDWULFGLVHDVH3DUWLFLSDQWVJDYHZULWWHQ LQIRUPHGFRQVHQWSULRU WRSDUWLFLSDWLRQ
LQWKHVWXG\7KHH[SHULPHQWDOSURFHGXUHVZHUHDSSURYHGE\WKH(WKLFV&RPPLWWHHIRU
UHVHDUFKLQYROYLQJKXPDQVXEMHFWVDWWKH8QLYHUVLW\RI7UHQWR,WDO\
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6WLPXOL 7KH VWLPXOXV VHW FRQVLVWHG RI WKUHH H[HPSODUV RI HLJKW DFWLRQV  DFWLRQ
YLGHRVLQWRWDO7KHDFWLRQVZHUHRSHQLQJDQGFORVLQJWZROHYHOIDFWRU$&7,21RI
IRXUGLIIHUHQWREMHFWVWZRERWWOHVDQGWZRFRVPHWLFER[HVWZROHYHOIDFWRU2%-(&7
&$7(*25<2QHREMHFWH[HPSODURIHDFKREMHFWFDWHJRU\KDGDVFUHZFDSKHQFH
UHTXLULQJDZULVWURWDWLRQWKHRWKHUREMHFWH[HPSODUZDVRSHQHGDQGFORVHGZLWKSXVK
DQG SXOO NLQHPDWLFV UHVSHFWLYHO\ WZROHYHO IDFWRU .,1(0$7,&6 &DWFK WULDOV
FRQVLVWHGRIWKUHHH[HPSODUVRIWKHHLJKWDFWLRQVWKDWHQGHGZLWKDQDGGLWLRQDODFWLRQ
VWHSPRYLQJWLOWLQJRUOLIWLQJWKHREMHFWFDWFKWULDOYLGHRVLQWRWDO$FWLRQYLGHRV
ZHUHILOPHGIURPDWKLUGSHUVRQSHUVSHFWLYHXVLQJD&DQRQ'0DUN,,FDPHUD
DQGHGLWHGLQL0RYLH$SSOHDQG0DWODE0DWK:RUNV$OOYLGHRVZHUHLGHQWLFDO
LQ WHUPV RI DFWLRQ WLPLQJ LH WKH YLGHRV VWDUWHG ZLWK KDQGV RQ WKH WDEOH PRYLQJ
WRZDUGV WKH REMHFW IROORZHG E\ WKH REMHFW PDQLSXODWLRQ DQG HQGHG ZLWK KDQGV
PRYLQJ WR WKH VDPH SRVLWLRQ RI WKH WDEOH 9LGHRV ZHUH LQ EODFN DQG ZKLWH KDG D
OHQJWKRIVIUDPHVSHUVHFRQGDQGKDGDUHVROXWLRQRI[SL[HOV
)RU LQWHUPHGLDWH DQG DEVWUDFW OHYHOVZHDLPHG WDUJHWLQJQHXUDOSRSXODWLRQV WKDW DUH
FDSDEOHRIGLIIHUHQWLDWLQJSHUFHSWXDOO\VLPLODUEXWFRQFHSWXDOO\GLVVLPLODUDFWLRQVWKDW
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DW WKH VDPH WLPH JHQHUDOL]H DFURVV FRQFHSWXDOO\ VLPLODU EXW SHUFHSWXDOO\ GLVVLPLODU
DFWLRQV +HQFH ³RSHQ D ZDWHU ERWWOH´ DQG ³FORVH D ZDWHU ERWWOH´ VKRXOG EH
SHUFHSWXDOO\ PRUH VLPLODU WKDQ ³RSHQ D ZDWHU ERWWOH´ DQG ³RSHQ D ZLQH ERWWOH´
LQWHUPHGLDWHOHYHORU³RSHQDERWWOH´DQG³RSHQDER[´DEVWUDFWOHYHO7RWHVWLIRXU
VWLPXOL PDWFK WKHVH FULWHULD ZH HVWLPDWHG WKH YLVXDO VLPLODULW\ EHWZHHQ WKH DFWLRQ
YLGHRV7RWKLVHQGZHFRUUHODWHGHDFKYLGHRZLWKHDFKRWKHUYLGHRIUDPHE\IUDPH
LHZHFRUUHODWHGIUDPHRIYLGHR$ZLWKIUDPHRIYLGHR%HWF:HWKHQDYHUDJHG
WKHFRUUHODWLRQFRHIILFLHQWVDFURVVIUDPHVWRREWDLQDPHDQFRUUHODWLRQPDWUL[RIWKH
[  DFWLRQ YLGHRV  DFWLRQV [  NLQHPDWLFV [  REMHFW FDWHJRULHV [  DFWLRQ
H[HPSODUV ,Q D VHFRQG DYHUDJLQJ VWHSZH FRPSXWHG WKHPHDQVRI WREHFODVVLILHG
DFWLRQV RSHQYV FORVH ERWWOH$RSHQYV FORVHERWWOH% HWF DQGRI VDPH DFWLRQV
DFURVVREMHFWH[HPSODULQWHUPHGLDWHRSHQERWWOH$YVRSHQERWWOH%FORVHERWWOH$
YVFORVHERWWOH%HWFDQGREMHFWFDWHJRU\DEVWUDFWRSHQERWWOH$YVRSHQER[%
FORVHERWWOH$YVFORVHERWWOH%HWF7KHUHVXOWVGHPRQVWUDWHWKDW LQOLQHZLWKRXU
FULWHULDSL[HOZLVHVLPLODULWLHVRIWREHFODVVLILHGDFWLRQVZHUHVXEVWDQWLDOO\KLJKHUr 
WKDQVLPLODULWLHVRIVDPHDFWLRQVDWLQWHUPHGLDWHr DQGDEVWUDFWOHYHOVr 
VXJJHVWLQJWKDWWREHFODVVLILHGDFWLRQVDUHSHUFHSWXDOO\PRUHVLPLODULHWKHUH
LVIHZHUSHUFHSWXDOLQIRUPDWLRQWKDWFDQEHH[SORLWHGE\WKHFODVVLILHUWKDQWKHDFWLRQV
WKDWDUHJHQHUDOL]HGDWLQWHUPHGLDWHDQGDEVWUDFWOHYHOV
,QWKHVFDQQHUVWLPXOLZHUHEDFNSURMHFWHGRQWRDVFUHHQ+]IUDPHUDWH[
 SL[HOV VFUHHQ UHVROXWLRQ YLD D OLTXLG FU\VWDO SURMHFWRU 2& (03  (SVRQ
1DJDQR -DSDQ DQG YLHZHG WKURXJK D PLUURU PRXQWHG RQ WKH KHDG FRLO 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'HFRGLQJ DW WKH LQWHUPHGLDWH OHYHO WKHUHIRUH WDUJHWHG DFWLRQ UHSUHVHQWDWLRQV WKDW
JHQHUDOL]H DFURVV REMHFW H[HPSODUV H[HPSODU$ DQG% DQG NLQHPDWLFV VFUHZ DQG
SXVKSXOO 7R GHFRGH DFWLRQV DW WKH DEVWUDFW OHYHO WKH FODVVLILHU ZDV WUDLQHG WR
GLVFULPLQDWH EHWZHHQ RSHQ DQG FORVH ERWWOH $ DQG WHVWHG RQ RSHQ YV FORVH ER[ %
)LJXUH%ORZHUURZ7KHFODVVLILFDWLRQSURFHGXUHZDVUHSHDWHGIRUERWWOH%ÆER[
$ER[$ÆERWWOH%ER[%ÆERWWOH$DQGWKHPHDQRIWKHWHVWVZDVFRPSXWHG
'HFRGLQJDWWKHDEVWUDFWOHYHOWKHUHIRUHWDUJHWHGDFWLRQUHSUHVHQWDWLRQVWKDWJHQHUDOL]H
DFURVVREMHFWFDWHJRULHVERWWOHVDQGER[HVDQGNLQHPDWLFVVFUHZDQGSXVKSXOO)RU
WKH LQWHUPHGLDWHDQGDEVWUDFW OHYHOV³DFURVVREMHFW´FODVVLILFDWLRQZHDOVRXVHG WKH
OHDYHRQHRXWFURVVYDOLGDWLRQSURFHGXUHWRHQVXUHWKDWWKHUHVXOWVDUHDVFRPSDUDEOH
 
DV SRVVLEOH WR WKH UHVXOWV RI WKH FRQFUHWH OHYHO ³ZLWKLQ REMHFW´ FODVVLILFDWLRQ 7KH
PHDQ FODVVLILFDWLRQ DFFXUDF\ IRU HDFK DEVWUDFWLRQ OHYHO 52, DQG SDUWLFLSDQW ZDV
HQWHUHG LQWR D RQHWDLOHG RQHVDPSOH WWHVW DJDLQVW WKH FODVVLILFDWLRQ H[SHFWHG E\
FKDQFH6WDWLVWLFDOUHVXOWVZHUH)'5FRUUHFWHGIRUWKHQXPEHURIRQHVDPSOHt
WHVWVLH52,V[OHYHOV WHVWV%HQMDPLQLDQG<HNXWLHOL
7R DVVHVV VWDWLVWLFDO VLJQLILFDQFH RI WKH GLIIHUHQFHV EHWZHHQ GHFRGLQJ DFFXUDFLHV RI
GLIIHUHQW DEVWUDFWLRQ OHYHOV DQG UHJLRQV D UHSHDWHG PHDVXUHV $129$ ZLWK
$%675$&7,21/(9(/52, DQG+(0,63+(5( DQG SRVW KRF SDLUHG VDPSOHV t
WHVWV ZHUH XVHG :LWKLQ HDFK UHJLRQ ZH FRQVLGHUHG WKH IROORZLQJ WKUHH SRVVLEOH
VFHQDULRV
“Concrete only” regions.$ UHJLRQ HQFRGHV DFWLRQ LQIRUPDWLRQ DW WKH FRQFUHWH
OHYHO EXW QRW DW LQWHUPHGLDWH DQGRU DEVWUDFW OHYHOV )LJXUH & ,Q WKLV FDVH WKUHH
FULWHULDPXVWEHPHWD6LJQLILFDQWGHFRGLQJDWWKHFRQFUHWHOHYHOEQRVLJQLILFDQW
GHFRGLQJ DW LQWHUPHGLDWH DQGRU DEVWUDFW OHYHOV DQG F VLJQLILFDQW GLIIHUHQFHV
EHWZHHQFRQFUHWHDQGLQWHUPHGLDWHDQGRUDEVWUDFWOHYHOVUHVSHFWLYHO\
 “All levels” regions. $ UHJLRQ HQFRGHV DFWLRQ LQIRUPDWLRQ DW DOO OHYHOV RI
DEVWUDFWLRQ )LJXUH ' ,Q WKLV FDVH WZR FULWHULD PXVW EH PHW D 6LJQLILFDQW
GHFRGLQJDWFRQFUHWHLQWHUPHGLDWHDQGDEVWUDFWOHYHOVDQGEVLJQLILFDQWGLIIHUHQFHV
EHWZHHQ FRQFUHWH DQG LQWHUPHGLDWH DQG EHWZHHQ LQWHUPHGLDWH DQG DEVWUDFW OHYHOV
UHVSHFWLYHO\$VWHSZLVHGHFUHDVHIURPFRQFUHWHWRDEVWUDFWLVH[SHFWHGEHFDXVHLQWKH
FRQFUHWH GHFRGLQJ DFWLRQ LQIRUPDWLRQ IURP DOO WKUHH OHYHOV FDQEH H[SORLWHG E\ WKH
FODVVLILHU ZKHUHDV IRU WKH LQWHUPHGLDWH GHFRGLQJ RQO\ LQIRUPDWLRQ IURP WKH
LQWHUPHGLDWH DQG DEVWUDFW OHYHO FDQ EH H[SORLWHG DQG IRU WKH DEVWUDFW GHFRGLQJ RQO\
DEVWUDFWDFWLRQLQIRUPDWLRQFDQEHH[SORLWHG
 
“Abstract only” regions.$UHJLRQHQFRGHVDFWLRQLQIRUPDWLRQDWWKHDEVWUDFWOHYHO
RQO\ )LJXUH( ,Q WKLVFDVH WZRFULWHULDPXVWEHPHW D6LJQLILFDQWGHFRGLQJDW
FRQFUHWHLQWHUPHGLDWHDQGDEVWUDFWOHYHOVDQGEQRVLJQLILFDQWGLIIHUHQFHVEHWZHHQ
FRQFUHWHDQGLQWHUPHGLDWHDQGEHWZHHQLQWHUPHGLDWHDQGDEVWUDFWOHYHOVUHVSHFWLYHO\
1RGLIIHUHQFHVEHWZHHQ WKH WKUHH OHYHOV DUH H[SHFWHGEHFDXVH LQ DOO WKUHH OHYHOV WKH
VDPHDEVWUDFWLQIRUPDWLRQLVSLFNHGXSE\WKHFODVVLILHU
$FURVV UHJLRQV ZH IXUWKHU H[DPLQHG GRXEOH GLVVRFLDWLRQV RI DEVWUDFWLRQ OHYHO DQG
UHJLRQ7RGR VRZH FRQVLGHUHG WKH IROORZLQJ VFHQDULRV ,Q FDVH UHJLRQ;HQFRGHV
FRQFUHWH DFWLRQ LQIRUPDWLRQ RQO\ DQG UHJLRQ< HQFRGHV DEVWUDFW DFWLRQ LQIRUPDWLRQ
RQO\)LJXUH&DQG(UHVSHFWLYHO\DQLQWHUDFWLRQRI$%675$&7,21/(9(/DQG
52,LVH[SHFWHG+RZHYHULQFDVHUHJLRQ;HQFRGHVFRQFUHWHDFWLRQLQIRUPDWLRQRQO\
DQG UHJLRQ< HQFRGHV DFWLRQV DW ERWK FRQFUHWH DQGPRUH DEVWUDFW OHYHOV )LJXUH &
DQG ' UHVSHFWLYHO\ no interaction RI $%675$&7,21 /(9(/ DQG 52, LV
H[SHFWHG 7KLV LV EHFDXVH UHJLRQ < VKRXOG VKRZ KLJKHU GHFRGLQJ DFFXUDFLHV IRU
FRQFUHWH FRPSDUHG WR DEVWUDFW OHYHOV ,PSRUWDQWO\ WKH UHODWLYH GLIIHUHQFHV EHWZHHQ
FRQFUHWHDQGLQWHUPHGLDWHDEVWUDFWOHYHOVFDQEHVLPLODULQUHJLRQ;DQG<LQZKLFK
FDVH QR LQWHUDFWLRQ ZRXOG EH REVHUYHG +HQFH IRU WKH FDVH WKDW UHJLRQ < EXW QRW
UHJLRQ; HQFRGHV DFWLRQV DW LQWHUPHGLDWH DQG DEVWUDFW OHYHOV WKH IROORZLQJ FULWHULD
PXVW EH PHW D VLJQLILFDQW GHFRGLQJ DFFXUDFLHV IRU FRQFUHWH LQWHUPHGLDWH DQG
DEVWUDFWOHYHOVLQUHJLRQ<EDVLJQLILFDQWPDLQHIIHFWRI$%675$&7,21/(9(/
FDVLJQLILFDQWPDLQHIIHFWRI52,DQGGVLJQLILFDQWGHFRGLQJGLIIHUHQFHVEHWZHHQ
UHJLRQ;DQG<DWLQWHUPHGLDWHDQGDEVWUDFWOHYHOV

6XUIDFHEDVHG 6HDUFKOLJKW 093$ 7R LGHQWLI\ DQ\ DGGLWLRQDO UHJLRQV FRGLQJ
DFWLRQVDWGLIIHUHQWOHYHOVRIDEVWUDFWLRQZHFDUULHGRXWDVXUIDFHEDVHG2RVWHUKRIHW
 
DO  VHDUFKOLJKW SDWWHUQ FODVVLILFDWLRQ .ULHJHVNRUWH HW DO  )RU HDFK
SDUWLFLSDQW DQGKHPLVSKHUHZH WUDQVIRUPHGYROXPH WLPHFRXUVHV LQWR VXUIDFHPHVK
WLPHFRXUVHV9ROXPHWLPHFRXUVHVZHUHVDPSOHGDORQJWKHPHVKYHUWH[QRUPDOIURP
 WR  PP */0 FRPSXWDWLRQ DQG 093$ FODVVLILFDWLRQ ZDV FDUULHG RXW XVLQJ
LGHQWLFDO SDUDPHWHUV DQG SURFHGXUHV DV IRU WKH 52, 093$ 7KH FODVVLILFDWLRQ
DFFXUDF\ ZDV DVVLJQHG WR WKH FHQWUDO YHUWH[ 5HVXOWLQJ LQGLYLGXDO VXUIDFH DFFXUDF\
PDSVZHUH DQDWRPLFDOO\ DOLJQHG XVLQJ WKH WUDQVIRUPDWLRQ SDUDPHWHUV RI WKH FRUWH[
EDVHG DOLJQPHQW $OLJQHG PDSV ZHUH HQWHUHG LQWR D RQHVDPSOH WWHVW WR LGHQWLI\
YHUWLFHV ZKHUH FODVVLILFDWLRQ ZDV VLJQLILFDQWO\ DERYH FKDQFH :H UHDVRQHG WKDW
ZKHUHYHUDFWLRQVFDQEHGHFRGHGDWWKHLQWHUPHGLDWHOHYHODFWLRQFODVVLILFDWLRQDFURVV
REMHFW H[HPSODU DFWLRQV VKRXOG DOVR EH GHFRGDEOH DW WKH FRQFUHWH OHYHO DFWLRQ
FODVVLILFDWLRQZLWKLQREMHFWH[HPSODU/LNHZLVHZKHUHYHUDFWLRQVFDQEHGHFRGHGDW
WKH DEVWUDFW OHYHO DFWLRQ FODVVLILFDWLRQ DFURVV REMHFW FODVV DFWLRQV VKRXOG DOVR EH
GHFRGDEOHDWERWKWKHFRQFUHWHDFWLRQFODVVLILFDWLRQZLWKLQREMHFWH[HPSODUDQGWKH
LQWHUPHGLDWHOHYHODFWLRQFODVVLILFDWLRQDFURVVREMHFWH[HPSODU:HWKHUHIRUHHQWHUHG
VWDWLVWLFDOPDSV IRU WKH LQWHUPHGLDWH DQG DEVWUDFW OHYHOV LQWR D FRQMXQFWLRQ DQDO\VLV
)RU WKH LQWHUPHGLDWH OHYHO D FRQMXQFWLRQRI WKHPDSV IRU FRQFUHWH DQG LQWHUPHGLDWH
OHYHOZDV FRPSXWHG)RU WKH DEVWUDFW OHYHO D FRQMXQFWLRQ RI WKHPDSV IRU FRQFUHWH
LQWHUPHGLDWH DQG DEVWUDFW OHYHO ZDV FRPSXWHG &RQMXQFWLRQV ZHUH FRPSXWHG E\
RXWSXWWLQJ WKH PLQLPXP t YDOXH IRU HDFK YHUWH[ RI WKH LQSXW PDSV 1LFKROV HW DO
 )LQDOO\ PDSV ZHUH FRUUHFWHG IRU PXOWLSOH FRPSDULVRQV DW p    DW WKH
FOXVWHU OHYHO XVLQJ D FOXVWHU VL]H DOJRULWKP )RUPDQ HW DO  EDVHG RQ0RQWH
&DUORVLPXODWLRQVLWHUDWLRQVDV LPSOHPHQWHG LQ%UDLQ9R\DJHU $QLQLWLDO
YR[HOZLVHWKUHVKROGRIpDQGDQHVWLPDWHRIWKHVSDWLDOFRUUHODWLRQRIYR[HOV
RIWKHVWDWLVWLFDOPDSVZHUHXVHGDVLQSXWLQWKHVLPXODWLRQV
 

5(68/76
%HKDYLRUDOUHVXOWV $OOSDUWLFLSDQWVLGHQWLILHGFDWFKWULDOVZLWKKLJKDFFXUDF\0HDQ
HUURUUDWHVZHUH±6(05HDFWLRQWLPHVIRUFRUUHFWUHVSRQVHVPHDVXUHG
ZLWKUHVSHFWWRYLGHRRQVHWZHUH±PV6(0
 
8QLYDULDWHI05,UHVXOWV 7R GHWHUPLQH 52,V IRU VXEVHTXHQW093 DQDO\VLV ZH
FRPSXWHGDJURXSFRQWUDVWRIDOOHLJKWFRQGLWLRQV$&7,21[2%-(&7&$7(*25<
[ .,1(0$7,&6 YV EDVHOLQH VHH VHFWLRQ 52, 'HILQLWLRQ LQ WKH 0HWKRGV 7KLV
UHYHDOHG ZLGHVSUHDG DFWLYDWLRQV ZLWKLQ OHIW DQG ULJKW YHQWUDO DQG GRUVDO SUHPRWRU
FRUWH[ ,36 DQG RFFLSLWRWHPSRUDO FRUWH[ H[WHQGLQJ GRUVDOO\ LQWR SRVWHULRU ,36 DQG
YHQWUDOO\ LQWR PLGGOH DQG LQIHULRU WHPSRUDO J\UXV 3HDN 7DODLUDFK FRRUGLQDWHV
LGHQWLILHGLQWKHJURXSFRQWUDVWIRUWKH52,093$ZHUHOHIW30Y
ULJKW30YOHIW,3/ULJKW,3/OHIW/27&DQG
ULJKW/27&
,QDGGLWLRQZHFRPSXWHGDXQLYDULDWH FRQWUDVW ³RSHQ´YV ³FORVH´ FROODSVHGDFURVV
REMHFW FDWHJRU\ DQGNLQHPDWLFV WR WHVW IRU SXWDWLYH XQLYDULDWH HIIHFWV7KLV FRQWUDVW
UHYHDOHGQRVLJQLILFDQWHIIHFWVHYHQDIWHUDSSO\LQJYHU\OLEHUDOFRUUHFWLRQWKUHVKROGV
RIp  DW WKHYR[HO OHYHO7KH ODFNRI VLJQLILFDQW GLIIHUHQFHV LQ WKHXQLYDULDWH
FRQWUDVWVXJJHVWVWKDWWKHDFWLYDWLRQOHYHOVZHUHFRPSDUDEOHRYHUWKHWZRDFWLRQV

52,093$UHVXOWV,QD52,EDVHGPXOWLYR[HOSDWWHUQDQDO\VLVZHLQYHVWLJDWHGWKH
GHJUHH RI JHQHUDOLW\ RI DFWLRQ UHSUHVHQWDWLRQV VHH 0HWKRGV IRU GHWDLOV RI WKH
 
SURFHGXUHLQUHJLRQVW\SLFDOO\DVVRFLDWHGZLWKDFWLRQREVHUYDWLRQLH30Y,3/DQG
/27&)LJXUH
,Q,3/DQG/27&ZHFRXOGGHFRGHDFWLRQVDWDOOOHYHOVRIDEVWUDFWLRQZKLOHLQ30Y
ZHFRXOGRQO\GHFRGHDFWLRQVDWWKHFRQFUHWHOHYHO)'5FRUUHFWHGDOSKD $
WKUHHZD\ UHSHDWHG PHDVXUHV $129$ZLWK WKH IDFWRUV $EVWUDFWLRQ /HYHO [ 52, [
+HPLVSKHUHUHYHDOHGPDLQHIIHFWVRI$EVWUDFWLRQ/HYHOF p
DQG52,F p1RHIIHFWVRI+HPLVSKHUHDQGQRLQWHUDFWLRQV
ZHUH REVHUYHG DOOp ! 3RVWKRF SDLUHG VDPSOHV t WHVWV UHYHDOHG WKDW GHFRGLQJ
DFFXUDFLHV IRU LQWHUPHGLDWH DQG DEVWUDFW OHYHOV ZHUH VLJQLILFDQWO\ KLJKHU LQ ,3/
FRPSDUHGWR30YDQGLQ/27&FRPSDUHGWR30Y7DEOHV,QDGGLWLRQDFFXUDFLHV
LQ 30Y GLIIHUHG VLJQLILFDQWO\ EHWZHHQ FRQFUHWH DQG DEVWUDFW OHYHOV 7DEOH 
7RJHWKHUWKHVHUHVXOWVGHPRQVWUDWHWKDW,3/DQG/27&EXWQRW30YHQFRGHDFWLRQV
DWDEVWUDFWOHYHOVRIUHSUHVHQWDWLRQ
$ VHFRQG REVHUYDWLRQ LV WKDW/27& VKRZHG VLJQLILFDQWO\ VWURQJHU GHFRGLQJ IRU WKH
FRQFUHWHFRPSDUHGWRLQWHUPHGLDWHDQGDEVWUDFWOHYHOVZKHUHDV,3/VKRZHGUHODWLYHO\
VLPLODU GHFRGLQJ DFFXUDFLHV DFURVV DOO OHYHOV 7DEOH  7KLV LQGLFDWHV WKDW /27&
FRQWDLQV ERWK FRQFUHWH DQG PRUH DEVWUDFW UHSUHVHQWDWLRQV ZKHUHDV ,3/ FRQWDLQV
DEVWUDFWDFWLRQUHSUHVHQWDWLRQVRQO\VXJJHVWLQJWKDWJHQHUDOL]DWLRQIURPSHUFHSWXDOWR
FRQFHSWXDODFWLRQUHSUHVHQWDWLRQVWDNHVSODFHLQ/27&VHHVHFWLRQ52,093$LQWKH
0HWKRGVIRUDGHWDLOHGGHVFULSWLRQRIH[SHFWHGSDWWHUQVRIUHVXOWV
)LQDOO\LQDOOUHJLRQVGHFRGLQJDFFXUDFLHVIRULQWHUPHGLDWHDQGDEVWUDFWOHYHOVZHUH
DW VLPLODU OHYHOV DQG GLG QRW VKRZ VLJQLILFDQW GLIIHUHQFHV 7DEOH  VXJJHVWLQJ WKDW
JHQHUDOL]DWLRQ IURP FRQFUHWH REMHFWVSHFLILF WR DEVWUDFW REMHFWFDWHJRU\
LQGHSHQGHQW DFWLRQ UHSUHVHQWDWLRQV GRHV QRW UHTXLUH DQ DGGLWLRQDO LQWHUPHGLDWH
 
REMHFWLQGHSHQGHQW EXW REMHFWFDWHJRU\VSHFLILF DEVWUDFWLRQ VWHS VHH VHFWLRQ 52,
093$LQWKH0HWKRGVIRUDGHWDLOHGGHVFULSWLRQRIH[SHFWHGSDWWHUQVRIUHVXOWV

6HDUFKOLJKW093$ UHVXOWV$VHDUFKOLJKWDQDO\VLVFRUURERUDWHG WKH ILQGLQJVRI WKH
52,093$)LJXUHDQG7DEOH$WWKHFRQFUHWHOHYHOZHGHFRGHGDFWLRQVLQ
ERWKKHPLVSKHUHVWKURXJKRXWWKHRFFLSLWRWHPSRUDOFRUWH[SRVWFHQWUDOVXOFXVSR&6
LQWUDSDULHWDO VXOFXV ,36 DQG YHQWUDO DV ZHOO DV GRUVDO SUHPRWRU FRUWH[ $W
LQWHUPHGLDWH DQG DEVWUDFW OHYHOV ZH GHFRGHG DFWLRQV LQ ELODWHUDO SRVWHULRU PLGGOH
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